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Deep venous thrombosis (DVT) may cause per-
sistent venous abnormalities, resulting in postthrom-
botic syndrome (PTS). Venous hypertension caused
by a persistent venous obstruction, valve incompe-
tence, or a combination of the two is considered to
be the major cause of PTS.1-4 It is unclear whether
an obstruction, reflux, or a combination of the two
provides the main contribution to PTS. The pres-
ence of reflux in the popliteal vein is considered to
be important in the pathophysiology of PTS,5-7 but
the influence of venous abnormalities in other areas
is less clear.
In this study, the venous hemodynamics, in rela-
tion to the severity of the PTS, were evaluated in
patients 7 to 13 years after DVT. Local venous com-
pressibility, reflux, and the presence of flow were
measured by means of color flow duplex scanning,
and the venous resistance in the postthrombotic
extremity was measured by means of strain-gauge
plethysmography. Because duplex scanning provided
a local evaluation of the veins, the venous resistance
of the entire leg was measured by means of plethys-
mography.
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Purpose: Venous hemodynamics were evaluated in relation to the postthrombotic syn-
drome (PTS) 7 to 13 years after deep venous thrombosis (DVT). 
Methods: The presence of flow, reflux, and compressibility of 1394 vein segments in 82
patients was assessed by means of duplex scanning. The venous outflow resistance was
measured by means of strain-gauge plethysmography. The venous hemodynamics were
related to the clinical severity of the PTS, characterized by the CEAP (clinical, etiolog-
ic, anatomic, pathophysiologic) classification.
Results: In patients with severe clinical symptoms of PTS, the prevalence of reflux was
significantly higher. There was no relationship between the severity of the PTS and the
noncompressibility or the combination of reflux and noncompressibility or an increased
venous resistance. By means of multiple regression analysis with the variables of age,
gender, reflux, and venous resistance, age and reflux were shown to be the main con-
tributors to the severity of PTS. Significantly more patients (64%) with severe signs of
PTS had a combination of deep and superficial reflux. In each of the traceable vein seg-
ments, the mean of the CEAP classification was calculated for the vein segments with
and without reflux. In the proximal superficial femoral vein (P < .001), distal superfi-
cial femoral vein (P < .05), and popliteal vein (P < .05), a significantly higher mean
CEAP classification was found in the veins with reflux, whereas in the distal, long, and
short saphenous veins, no such relationship was found.
Conclusion: Most patients with severe PTS had a combination of deep and superficial
reflux. Reflux in the deep proximal veins contributes significantly to the PTS. (J Vasc
Surg 1999;29:1071-6.)
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METHODS
The records of all the patients at our institution
who had DVT between 1983 and 1989 were
reviewed. DVT was diagnosed by means of phle-
bography. Of the 256 patients, 92 died, 33 were
unable to return for reexamination, 26 could not be
traced, and 23 refused to participate in the study.
The remaining 82 patients were reexamined 7 to 13
years (mean, 10 years) after the initial DVT. The
study was approved by the ethics committee of the
hospital, and informed consent was obtained from
the participants.
All patients had been treated with heparin,
administered intravenously for 5 to 10 days during
the acute phase, and with oral anticoagulants for at
least 12 weeks. All patients had been instructed to
wear graduated compression stockings. 
A physician, unaware of the findings of the
duplex scanning and plethysmography, classified the
patients according to the seven-point CEAP scale
(clinical, etiologic, anatomic, pathophysiologic, class
0 to 6) of the update of the Ad Hoc Committee on
Reporting Standards in Venous Disease.8 For the
sake of simplicity, the tables and figures were pre-
sented in three categories: (1) patients with no signs
of PTS (class 0); (2) patients with mild signs of PTS
(classes 1 to 3); and (3) patients with severe signs
(classes 4 to 6) of PTS.
The venous resistance in the postthrombotic
extremity was measured by means of strain-gauge
plethysmography, as described previously.9-11 The
patients were examined in the supine position with
pneumatic cuffs around the thighs and strain-gauges
around the calves. After inflating the cuffs, the
venous volume increased. When the maximum vol-
ume was reached, the cuff-pressure was released,
resulting in a volume decrease measured by means of
plethysmography. The tangent to the slope of the
volume decrease was drawn 0.5 seconds after pres-
sure release, and the slope was converted into a
venous flow rate. This procedure was performed at
five different cuff pressures. The corresponding
venous flow rates were plotted against the effective
cuff pressures. The slope of the line straight through
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Table II. Characteristics of the patients at follow-up examination for the different CEAP (clinical, etiolog-
ic, anatomic, pathophysiologic) classifications
CEAP classification 0 (n = 22) 1 to 3 (n = 32) 4 to 6 (n = 28)
Mean age (years) ± SD 45 ± 9 50 ± 15 64 ± 14
Mean body mass index (kg/m2) ± SD 24 ± 3 27 ± 6 25 ± 4
Men (%) 55 66 82
Prevalence abnormal venous resistance (%) 5 6 21
Reflux
Not present(%)* 32 22 4
Only deep (%) 41 41 29
Only superficial (%) 4 3 3
Superficial + deep (%)† 23 34 64
Location of thrombi at initial phlebography
Proximal (%) 4 6 7
Proximal and distal (%) 17 21 24
Distal (%) 6 12 2
Deep (%) 13 28 21
Deep and superficial (%) 13 11 13
*P < .05, †P < .01 (Chi-square test).
Table I. The number of patients in each classification of chronic lower extremity venous disease, the
CEAP (clinical, etiologic, anatomic, pathophysiologic) scale
Class Signs of chronic lower-extremity venous disease Patients (n)
0 No visible or palpable signs of venous disease 22
1 Telangiectases, reticular veins, malleolar flare 11
2 Varicose veins 11
3 Edema without skin changes 10
4 Skin changes ascribed to venous disease (pigmentation, lipodermatosclerosis) 24
5 Skin changes with healed ulceration 4
6 Skin changes with active ulceration 0
the points gave an angle b , and by means of analogy
with Ohm’s law, the venous resistance could be cal-
culated as 1/tangent b . A venous resistance exceed-
ing 0.8 mm Hg/min was considered abnormal.10,11
Duplex scanning was performed by two experi-
enced vascular technicians using a Toshiba SSA
270A scanner with a 3.75 or 5 MHz probe on the
low-flow setting. The vascular technicians scanned
the patients without knowledge of the original loca-
tion of the thrombosis. All veins were examined with
the patient in a 45-degree sitting position, with the
knees flexed and the feet resting on a footstool. The
veins examined were the common femoral vein, the
superficial femoral vein (proximal, middle, and dis-
tal), the long saphenous vein (proximal, middle, and
distal), the popliteal vein, the short saphenous vein,
and the posterior and anterior tibial, peroneal, and
gastrocnemial veins. In the calf, each artery is
accompanied by two veins. The two veins were
numbered; number 1 was the most superficial vein,
and number 2 was the deeper vein.
In the longitudinal plane, the presence of venous
flow and reflux was measured. Proximally, reflux was
measured after the Valsalva maneuver in the distal
veins by means of distal manual compression with
sudden release. Pathological reflux in the proximal
veins was defined as a reversed flow duration of more
than 1 second; in the distal veins, pathological reflux
was defined as a reversed flow duration of more than
0.5 second, as described previously.12 This previous
study showed that our method with the patient in the
sitting position is compatible with the method with
patients in an upright position and the cuff deflation
technique. Superficial or deep reflux was defined as
the presence of abnormal venous reflux in at least one
vein segment. Combined superficial and deep reflux
was defined as the presence of abnormal venous
reflux in at least two vein segments. Compressibility
was assessed in the transverse plane. A vein was con-
sidered noncompressible when it was not totally
compressed under gentle pressure of the duplex
probe applied to the skin overlying the vein.
The relation between the seven-point CEAP scale
and the presence of an abnormal venous resistance
and body mass index (BMI) was studied with the chi-
square test. The relation between the seven-point
CEAP scale and the outcome of the venous evaluation
by means of duplex scanning was studied at patient
level, adjusted for age with multiple regression. The
contribution of age, gender, reflux, and the venous
resistance to the seven-point CEAP scale was also
studied with multiple regression. The results were
considered significant when P ≤ .05 (two-sided).
RESULTS 
The characteristics of the 82 patients are shown in
Tables I and II. At the time of admission to the fol-
low-up study, the mean age of the patients was 53
years (range, 21 to 80 years), their mean BMI was 26
kg/m2 (SD ± 5); 56 patients (68%) were men, and
26 (32%) were women. The DVT was located in the
right leg in 48 patients (59%) and in the left leg of 34
patients (41%). There was no significant relationship
between the seven-point CEAP scale and the BMI.
The venous resistance, as measured by means of
strain-gauge plethysmography, was abnormal in only
nine patients (11%). The prevalence of an abnormal
venous resistance was not significantly higher in
patients with severe clinical symptoms of PTS.
Significantly more of the patients (64%) with severe
signs of PTS had a combination of deep and super-
ficial reflux (Table II).
The duplex findings for all the 1394 vein seg-
ments of the patients were related to the clinical
findings (Fig 1). Because the classification of PTS
increased with age, an adjustment was made for age
in the statistical analysis. It was shown by means of
regression analysis that only reflux could explain the
PTS classification. No relation was found between
PTS and noncompressibility or a combination of
reflux and noncompressibility. Flow was present in
almost all noncompressible vein segments (93%).
The nontraceable veins were almost all located dis-
tally (95%). These nontraceable veins were not
included in further analysis. 
Because only reflux was shown to have a signifi-
cant relationship to the CEAP classification, reflux
was evaluated more extensively. In each of the trace-
able vein segments, the mean of the CEAP classifi-
cation was calculated for the vein segments with and
without reflux (Table III). In the proximal superfi-
cial femoral vein (P < .001), distal superficial femoral
vein (P < .05), and popliteal vein (P < .05), a signif-
icantly higher mean CEAP classification was found
in the veins with reflux, whereas in the distal, long,
and short saphenous veins, no such significant rela-
tionship was found.
After testing the contributions of the factors age,
gender, reflux, and the venous resistance to the PTS
by means of multiple regression, age (P < .001) and
reflux (P < .01) appeared to be the main contribu-
tors to the severity of PTS . 
DISCUSSION
It is possible to detect venous abnormalities by
means of duplex scanning, sometimes even better
than with invasive tests such as phlebography.13,14
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Descending phlebography underestimates severe
reflux and is usually used as a means of evaluating
deep vein reflux,13 whereas the presence of superfi-
cial reflux seems also to be important.15-17
In a previous study,18 the relationship between
the initial phlebography and the outcome measured
by means of duplex scanning was evaluated in the
same patient database (except for the 10 patients
with recurrent thrombosis). In the current study, the
definition of pathological reflux for the distal veins
was restricted from 1 second to 0.5 second; this def-
inition was derived from another study.12
Duplex scanning provides local information on
the veins. The consequences of these local abnor-
malities to the entire leg are uncertain and can be
measured with plethysmography. 
The prevalence of an abnormal venous resistance
was not significantly higher in patients with severe
clinical symptoms of PTS. This lack of statistical sig-
nificance might be caused by the small sample size.
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Table III. The mean of the CEAP (clinical, etiologic, anatomic, pathophysiologic) classification in the
traceable veins, with and without reflux 
Mean CEAP Mean CEAP
Traceable veins n in veins with reflux n in veins without reflux
Proximal superficial femoral* 40 2.78 42 1.61
Middle superficial femoral 30 2.56 52 1.96
Distal superficial femoral* 19 2.71 58 1.93
Popliteal* 24 2.72 56 1.88
Proximal long saphenous 8 3.03 63 2.26
Middle long saphenous 26 2.29 56 2.13
Distal long saphenous 12 2.56 47 2.32
Short saphenous 15 2.67 62 1.96
Posterior tibial 1 17 2.17 51 2.16
Posterior tibial 2 14 2.62 35 2.27
Anterior tibial 1 25 2.21 51 2.10
Anterior tibial 2 21 2.43 55 2.14
Peroneal 1 5 1.12 61 2.26
Peroneal 2 4 1.08 55 2.23
Gastrocnemial 1 5 1.60 44 2.23
Gastrocnemial 2 7 1.56 37 2.17
*P < .05.
Fig 1. The relationship between venous hemodynamics in all segments and the CEAP (clini-
cal, etiologic, anatomic, pathophysiologic) classification.
But because, in contrast to other studies,4 no relation
was found between (reflux and) noncompressibility
and the clinical signs of PTS either, another explana-
tion might be that in our patients almost all noncom-
pressible vein segments were partially occluded
because flow was present in almost all (93%) non-
compressible veins.
Reflux was shown to be the main contributor to
the severity of PTS by means of multiple regression
analysis, in accordance with other studies.2 As clear-
ly shown in Table II, only a minority of the patients
with severe signs of PTS had an abnormal venous
resistance, whereas most of these patients had reflux. 
Other studies showed that in patients with severe
signs of PTS the involved incompetent segments
were the superficial femoral, popliteal, and the long
and short saphenous veins.19,20 Although in our
study the superficial femoral and popliteal veins
showed a statistically significant increased prevalence
of reflux with an increasing severeness of PTS, for the
long and short saphenous veins this relationship
showed a trend without being statistically significant. 
This study corroborates the findings of others,21
because it indicates that isolated deep reflux in itself
does not always cause severe signs of PTS. Perhaps
the superficial veins can take over the drainage of
venous blood as long as there are sufficient perforat-
ing veins. If the perforating veins become insuffi-
cient, the venous pressure in the superficial veins
might increase and possibly cause an overload of the
superficial system, resulting in a gradually developing
insufficiency of the superficial veins. When the super-
ficial veins also become insufficient, PTS develops.
We did not evaluate the presence of insufficient per-
forating veins. Other studies22 have shown that
duplex scanning misses a substantial number of
incompetent perforating veins and therefore is unre-
liable in these evaluations. The patients in Table II
with isolated deep vein reflux and severe signs of PTS
might, therefore, have incompetent perforating
veins, with an increased venous pressure in the super-
ficial venous system, which is yet not insufficient.
In contrast to other studies,17,23,24 no relation-
ship was found between reflux limited to the super-
ficial veins and the PTS classification. This may be
caused by the small number of patients with reflux
limited only to the superficial vein segments.
The influence of the calf veins on the PTS is still
controversial, with some studies reporting a relation-
ship between reflux and PTS in the distal veins6,15
and others not reporting this.25 In our study, not
only the presence of reflux was analyzed, but also the
traceability. Previously, we demonstrated that the
nontraceable veins are probably occluded.18 No rela-
tionship was found between reflux or traceability in
the distal calf veins and an increased severity of PTS.
Presumably because of the number of distal veins,
reflux or an occlusion of one or more distal veins
does not seem to contribute significantly to the pres-
ence of PTS. The other distal veins can probably
drain away enough venous blood to prevent PTS.
Scott et al26 revealed that many of the previous-
ly suggested associations with chronic venous insuf-
ficiency were in reality caused by the older age of the
patients. In the present study, the severity of PTS
also increased with age. Therefore, the statistical
analysis was adjusted for age. Scott also found that
patients with chronic venous insufficiency were men
and were obese. The BMI of 21 of our patients was
more than 27 kg/m2, but these 21 patients were
equally distributed among all classes of the CEAP
scale. Perhaps our group of patients did not contain
enough patients with severe obesity for us to uncov-
er a relationship between obesity and PTS. In Scott’s
study, the mean BMI (30 kg/m2) was much higher
than in our patient population. 
A problem with our study is that it is retrospec-
tive. This might incorporate a selection of patients,
causing a bias in the data, because the patients lost
to follow-up could be different than those actually
examined. Selection, although present, is minimized
in our study because almost 80% of the patients that
we invited took part; therefore, not only successful-
ly or unsuccessfully treated patients have been
included. Also, patients of different ages were
included, with a variation of the location of the
thrombi at initial phlebography.
In conclusion, patients with severe PTS most fre-
quently have a combination of deep and superficial
reflux. Reflux in the deep proximal veins contributes
significantly to PTS. Because not all patients with
deep and superficial reflux had severe signs of PTS,
mechanisms other than reflux must be involved in
the development of PTS.
We thank Adriënne van Maarseveen for her assistance
in carrying out duplex examinations.
REFERENCES
1. Franzeck UK, Schalch I, Jager KA, Schneider E, Grimm J,
Bollinger A. Prospective 12-year follow-up study of clinical
and hemodynamic sequelae after deep vein thrombosis in
low-risk patients (Zurich study). Circulation 1996;93:74-9.
2. Killewich LA, Martin R, Cramer M, Beach KW, Strandness
DE. An objective assessment of the physiologic changes in
the postthrombotic syndrome. Arch Surg 1985;120:424-6.
3. Janssen MCH, Wollersheim H, van Asten WNJC, de Rooij
JOURNAL OF VASCULAR SURGERY
Volume 29, Number 6 Haenen et al 1075
MJM, Novakova IRO, Thien T. The post-thrombotic syn-
drome: A review. Phlebology 1996;11:86-94.
4. Johnson BF, Manzo RA, Bergelin RO, Strandness DE.
Relationship between changes in the deep venous system and
the development of the postthrombotic syndrome after an
acute episode of lower limb deep vein thrombosis: A one- to
six-year follow-up. J Vasc Surg 1995;21:307-12.
5. Shull KC, Nicolaides AN, Fernandes J, et al. Significance of
popliteal reflux in relation to ambulatory venous pressure and
ulceration. Arch Surg 1979;114:1304-6.
6. Johnson BF, Manzo RA, Bergelin RO, Strandness DE. The
site of residual abnormalities in the leg veins in long-term fol-
low-up after deep vein thrombosis and their relationship to
the development of the post-thrombotic syndrome. Int
Angiol 1996;15:14-9.
7. Payne SP, London NJ, Newland CJ, Bell PR, Barrie WW.
Investigation and significance of short saphenous vein incom-
petence. Ann R Coll Surg Engl 1993;75:354-7.
8. Porter JM, Moneta GL. Reporting standards in venous dis-
ease: An update. J Vasc Surg 1995;21:635-45.
9. Klein Rouweler BJF, Brakkee AJM, Kuiper JP. Plethys-
mographic measurement of venous flow resistance and
venous capacity in the human leg. Part one: Method.
Phlebology 1989;4:241-50.
10. Klein Rouweler BJF, Brakkee AJM, Kuiper JP. Plethys-
mographic measurement of venous flow resistance and venous
capacity in human legs. Part two: Normal values related to age,
sex and site of measurement. Phlebology 1989;4:251-7.
11. Janssen MCH, Haenen JH, Asten WNJC, et al. Clinical and
haemodynamic sequelae of deep venous thrombosis:
Retrospective evaluation after 7-13 years. Clin Sci 1997;93:
7-12.
12. Haenen JH, van Langen H, Janssen MCH, et al. Venous
duplex scanning of the leg; range, variability and repro-
ducibility. Clin Sci 1999;96:271-7.
13. Baker SR, Burnand KG, Sommerville KM, Thomas ML,
Wilson NM, Browse NL. Comparison of venous reflux
assessed by duplex scanning and descending phlebography in
chronic venous disease. Lancet 1993;13:400-3.
14. Neglen P, Raju S. A comparison between descending phlebog-
raphy and duplex Doppler investigation in the evaluation of
reflux in chronic venous insufficiency: A challenge to phlebo-
graphy as the “gold standard.” J Vasc Surg 1992;16:687-93.
15. Labropoulos N, Leon M, Nicolaides AN, Giannoukas AD,
Volteas N, Chan P. Superficial venous insufficiency: Correlation
of anatomic extent of reflux with clinical symptoms and signs. J
Vasc Surg 1994;20:953-8.
16. van Rij AM, Solomon C, Christie R. Anatomic and physio-
logic characteristics of venous ulceration. J Vasc Surg
1994;20:759-64.
17. Shami SK, Sarin S, Cheatle TR, Scurr JH, Smith PD. Venous
ulcers and the superficial venous system. J Vasc Surg 1993;
17:487-90.
18. Haenen JH, Janssen MCH, van Langen H, et al. Duplex
ultrasound in the hemodynamic evaluation of the late seque-
lae of deep venous thrombosis. J Vasc Surg 1998;27:472-8.
19. van Bemmelen PS, Bedford G, Beach K, Strandness DE.
Status of the valves in the superficial and deep venous system
in chronic venous disease. Surgery 1991;109:730-4.
20. Sakurai T, Matsushita M, Nishikimi N, Nimura Y. Hemo-
dynamic assessment of femoropopliteal venous reflux in patients
with primary varicose veins. J Vasc Surg 1997;26:260-4.
21. Hanrahan LM, Araki CT, Rodriguez AA, Kechejian GJ,
LaMorte WW, Menzoian JO. Distribution of valvular incom-
petence in patients with venous stasis ulceration. J Vasc Surg
1991;13:805-12.
22. Pierik EGJM, Toonder IM, van Urk H, Wittens CHA.
Validation of duplex ultrasonography in detecting competent
and incompetent perforating veins in patients with venous
ulceration of the lower leg. J Vasc Surg 1997;26:49-52.
23. Bass A, Chayen D, Weinman EE, Ziss M. Lateral venous
ulcer and short saphenous vein insufficiency. J Vasc Surg
1997;25:654-7.
24. Labropoulos N, Leon M, Nicolaides AN, et al. Venous reflux
in patients with previous deep venous thrombosis:
Correlation with ulceration and other symptoms. J Vasc Surg
1994;20:20-6.
25. Labropoulos N, Delis K, Nicolaides AN, Leon M,
Ramaswami G. The role of the distribution and anatomic
extent of reflux in the development of signs and symptoms in
chronic venous insufficiency. J Vasc Surg 1996;23:504-10.
26. Scott TE, LaMorte WW, Gorin DR, Menzoian JO. Risk fac-
tors for chronic venous insufficiency: A dual case-control
study. J Vasc Surg 1995;22:622-8.
Submitted Sep 3, 1998; accepted Dec 15, 1998.
JOURNAL OF VASCULAR SURGERY
1076 Haenen et al June 1999
